We present a systematic study of the final-state interaction (FSI) effects in D(e, e ′ p) scattering in the CEBAF energy range with particular emphasis on the phenomenon of the angular anisotropy of the missing momentum distribution. We find that FSI effects dominate at missing momentum p m ∼ > 1.5fm −1 . FSI effects in the excitation of the S-wave state are much stronger than in the excitation of the D-wave.
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We present a systematic study of the final-state interaction (FSI) effects in D(e, e ′ p) scattering in the CEBAF energy range with particular emphasis on the phenomenon of the angular anisotropy of the missing momentum distribution. We find that FSI effects dominate at missing momentum p m ∼ > 1.5fm −1 . FSI effects in the excitation of the S-wave state are much stronger than in the excitation of the D-wave.
There is a basic necessity of the knowledge of the nucleon momentum distribution n( p) in nuclei, in particular at large momenta, for it provides unique information on shortdistance nucleon-nucleon interaction (initial-state N-N correlations ISC) in the nuclear medium ( [1] , for a recent review see [2] ). A quantitative understanding of the final-state interaction (FSI) effects is crucial for disentangling n( p) from the missing momentum distribution W ( p m ) as measured in inclusive A(e, e ′ p) scattering in quasielastic kinematics.
In a previous paper [3] we presented a classification of FSI effects and a comparison of the relative significance of FSI and short-distance correlation effects in 4 He(e, e ′ p) scattering.
Our major finding was that at large missing momenta p m , which are usually believed to come from the ISC effects, the FSI effects are large and overwhelm the ISC effects (for the related discussion of FSI effects in heavy nuclei see also [4] [5] [6] ). In [3] the FSI was shown to produce a strong angular anisotropy of the missing momentum distribution W ( p m ), which at large p m develops a sharp peak in transverse kinematics, at θ ∼ 90 o , two minor peaks at θ = 0 o and 180 o in parallel kinematics (here θ is the angle between the missing momentum and the (e, e ′ ) momentum transfer q) and a sizable backward-forward asymmetry.
To generalize these results and get a deeper insight into them, in this paper a systematic study of the D(e, e ′ p)n unpolarized scattering is performed. Prediction of FSI effects in this process is of great interest on its own sake, as experiments with the deuterium target constitute an important part of the experimental program at CEBAF [7] . Other motivations are that (i) in the region of dominance of ISC effects, the momentum distribution for heavy nuclei are expected to closely resemble that in the deuteron [8] ; (ii) the realistic models of the deuteron [9] allow an accurate evaluation of FSI effects in the longitudinal missing momentum distribution which is important for the y-scaling analysis [10] ; (iii) one can assess differences between FSI effects for the S and D waves in the initial N-N pair. Despite the deuteron being a dilute target, we find large FSI effects at
One of the points we wish to address in more detail in this paper are forward and backward peaks in W ( p m ), which have their origin in the idealized step-function factor θ(z) in the eikonal Green function derived [11] under an implicit assumption of pointlike nucleons (z is the longitudinal separation of nucleons). We analyze the sensitivity of the forward and backward peaks to the smearing of the θ-function to account for the finite size of nucleons and conclude that predictions at p m ∼ < 3fm −1 are free of uncertainties with the smearing.
We wish to focus on FSI effects, and for the sake of simplicity we consider the photon as a scalar operator (for the calculation of the full hadronic tensor in deuteron scattering, see ref. [12] ). Then, the reduced nuclear amplitude for the exclusive process D(e, e ′ p)n is
, where r ≡ r p − r n , Ψ i ( r) is the deuteron ground state wave function for the spin state i and χ j stands for the spin wave function of the final pn state. The struck proton is detected with momentum P , q is the (e, e ′ ) momentum transfer and p m ≡ q − P is the missing momentum. S( r) is the S-matrix of FSI between struck proton and spectator neutron. For unpolarized deuterons and for a spin-independent proton-neutron scattering amplitude, summing over all spin states of the final state proton and neutron, one finds the observed momentum distribution
where u/r and w/r are the radial wave functions of the S and D components respectively of the deuteron ground state, with the normalization dr(u 2 +w 2 ) = 1. In our calculations
we have used the realistic Bonn wave functions u(r) and w(r) as parametrized in [9] .
At the large Q 2 ∼ > (1-2) GeV 2 of the interest in the CEBAF experiments, the kinetic energy of the struck proton T kin ≈ Q 2 /2m p is high and FSI can be described by Glauber theory [11] . Defining transverse and longitudinal components r ≡ ( b + zq) we can write
where Γ( b) is the profile function of the proton-neutron scattering, which at high energy can conveniently be parameterized as
(ρ is the ratio of the real to imaginary part of the forward elastic scattering amplitude).
The step-function θ(z) in (3) tells that the FSI vanishes unless the spectator neutron was in the forward hemisphere with respect to the struck proton, which is an idealization in the world of nucleons which have a finite size. The Glauber formalism describes quite well nucleon-nucleus scattering at T kin ∼ > 500MeV (for a review see [13] ). Here we present numerical results for 
clearly seen in Fig. 1,2 (for the discussion of this effect in heavy nuclei see [4, 6] ). Its origin is in the nonvanishing real part of the p-n scattering amplitude ρ = 0, which makes contribution to W (p m ) should be much weaker than in the S-wave contribution. Indeed, Fig. 2 shows that although the D-wave contribution to W ( p m ) develops a nontrivial angular dependence, the overall departure from the isotropic PWIA distribution is rather small. Fig. 1(a,b) shows that the D-wave contribution remains a dominant component of W ( p m ) in parallel kinematics, but not in transverse kinematics, see Fig. 1(c,d) .
The angular asymmetry mostly comes from the S-wave contribution which can conveniently be written as
, where U( p m ) can be decomposed into the PWIA and FSI terms according to the expansion (2)
The PWIA term u(1; p m ) in ( 
The educated guess is z 0 ∼ < 1 2 r c . In Fig. 3 we show the effect of smearing for z 0 = 1 2 r c = 0.25 fm. We conclude that the uncertainties with the smearing are small at least up to p m ∼ < 3 fm −1 . Description of the region of higher p m requires new approaches which go beyond the Glauber model. We only wish to emphasize that this effect persists at high
The forward-backward asymmetry in parallel kinematics is displayed also in Fig. 4 , in which we show the p m -dependence of
The FSI produces a large asymmetry A F B , which should be taken into account when looking for the forward-backward asymmetry which is expected at higher Q 2 because of the colour transparency effect [16] (see also a discussion in [6] ).
Still another interesting quantity is the p ⊥ -integrated, longitudinal missing momentum y) is related to the asymptotic y-scaling function [10] . In Fig. 5 we show the
At small p z , this ratio exhibits a depletion ∼ 7% in agreement with the estimate [4] and the NE18 experimental finding [17] . This depletion comes from the reduction of the flux of protons for the absorption by the neutron. At larger missing momenta p z ∼ > 1.2 fm −1 , the contribution ∝ ΓΓ * from FSI enhances F (p z )
by ∼(30-40)% as compared to the PWIA distribution
and high kinetic energy of the struck proton T kin = Q 2 /2m p ∼ > 1 GeV, the proton-neutron total and elastic cross sections are approximately constant [15] . Therefore, this large FSI effect in F (p z ) should persist at large Q 2 ≫ 1 GeV 2 and should be taken into account in the asymptotic y-scaling regime, too. The departure from the PWIA further increases at Glauber's multiple scattering theory is concerned, this is an entirely new situation and shows that the Glauber treatment of FSI in A(e, e ′ p) scattering is not fully self-contained at large longitudinal missing momenta, in contrast to a very accurate description of the proton-nucleus elastic scattering [13] . The major difference is that in the proton-nucleus scattering, one has the well defined asymptotic |in and |out proton states, whereas in FSI in the D(e, e ′ p) scattering the incoming proton wave is generated at a finite distance from the target neutron. When this distance becomes of the order of the radius of nucleons and/or the radius of N-N correlations, one can not describe the distortion of the wave function of the spectator neutron by formula (2) with the idealized step-function.
We considered the charge operator relevant to the longitudinal response, but evidently our principle conclusions on FSI are also applicable to the transverse response.
We found large, ∼ 40%, FSI corrections to the longitudinal missing momentum distribution. FSI in the D(e, e ′ p) scattering was discussed also in the recent work [18] using a different technique. These authors focused on corrections to the y-scaling analysis and did not consider the angular anisotropy of FSI effects. The numerical estimates of [18] for 
